Cerebral perfusion pressure was reduced by graded constricting of both carotid arteries in the anesthetized dogs, of which vertebral arteries were ligated bilaterally.
pressure to the brain as well as to these organs was lowered simultaneously by bleeding animals. The present investigation was undertaken to test whether or not CSF lactic acidosis and increased lactate/pyruvate ratio would occur in dogs when cerebral perfusion pressure was reduced within the autoregulatory range by graded constricting of both carotid arteries, therefore systemic lactic acidosis could be prevented.
METHOD
Four mongrel dogs weighing 15 to 19 Kg. were used for this study. The animal was anesthetized with 25mg./Kg. of intravenous sodium pentobarbital and intubated. Both femoral arteries were cannulated, one for blood pressure recording with a pressure transducer and the other for blood samples. A femoral vein was cannulated to administer fluid. To decrease cerebral perfusion pressure by graded narrowing of polyethylene tubings carefully inserted into both common carotid arteries, it was necessary to occlude both vertebral arteries, one tied off and the other cannulated downstream and connected with a pressure transducer. The common carotid pressures were measured through tubings cannulated into both thyroid arteries downstream to the snap-release screw clamp used for constricting both common carotid arteries. After completing the cannulations, animals were paralyzed with 3mg./Kg. of gallamine HCl, and respired artificially. End-tidal CO2 was monitored by Beckman infrared gas analyzer.
Cerebral blood flow (CBF) was measured continuously by the venous out-flow technique using a magnetic flow meter.2) Cerebral cortical blood flow (cortical BF) was measured by a compensated heated thermistor flow probe placed gently in the left parietal cortex through 2mm. burr hole with a wide deflection of both temporal muscles from the skull. A 18 gauge needle was inserted by a percutaneous midline puncture into the cisterna magna for obtaining CSF samples and also recording the CSF pressure by a venous pressure transducer.
During experiments, the following functions were recorded on 8 channel recorder: EEG, EKG, CBF, cortical BF, expired CO2, CSF pressure, and blood pressure from the femoral artery and the common carotid or vertebral artery. Direct samples of arterial and cerebral venous bloods, and CSF were analyzed for PO2, PCO2 and pH with IL meter, O2 and CO2 contents with the Van Slyke manometric apparatus, and lactate and pyruvate concentrations by standard enzymatic methods. The mean of the carotid and vertebral artery pressures minus the CSF pressure was used as the best approximation of cerebral perfusion pressure. Cerebral metabolic rate of oxygen (CMRO2) was calculated from the product of CBF and the mean of the arterial-cerebral venous oxygen differences. Cerebrovascular resistance (CVR) was calculated from dividing cerebral perfusion pressure by CBF.
After completing the operation, a resting control period of 30 min. was allowed before the experiment. Following the control determination of each parameter, cerebral perfusion pressure was lowered by graded narrowing of both common carotid arteries until a desired level ofperfusion pressure was obtained and maintained for at least 15 min. Even though these arteries were completely occluded by snap-ping clamps, common carotid artery pressure measured downstream to the clamps, or vertebral artery back-pressure was never below 60mm.Hg.
To reduce perfusion pressure beyond this level, animals should be bled into the reservoir flask by 100 to 300ml. of arterial blood. However, femoral artery pressure did not fall down to the shock level by these amounts of blood loss. CSF and blood samples were taken at the end of each period of the different perfusion pressure.
At the termination of experiments, the brain was removed and the location of the flow probe and the blockings of both cerebral lateral sinus were confirmed. RESULTS 1) Changes of CBF, CMRO2, CVR and cortical BF during graded lowering of cerebral perfusion pressure are depicted in Fig. 1 . CBF remained unchanged until perfusion pressure was reduced from control level to the range of 60 to 40mm.Hg, indicating that the autoregulation of CBF was preserved, although below this point of level CBF decreased as perfusion pressure was lowered. CMRO2 was constant during the pressure range from 142 to 55mm. Hg, but it decreased progressively related with severely lowered perfusion pressure. CVR was consistently decreased in each instance, indicating that cerebral vessels dilated actively in response to reduced perfusion pressure to the brain.
Cortical BF decreased progressively in 2 animals in response to even a slight lowering of perfusion pressure, although CBF remained unchanged. In other 2 animals, cortical BF decreased as reduction of perfusion pressure until 70mm.Hg, and it increased slightly but not beyond the control level in response to a severe lowering of perfusion pressure.
2) Changes of lactate, lactate/pyruvate ratio, pH and PCO2 in CSF from control values during a graded lowering of cerebral perfusion pressure are shown in Fig. 2 . A progressive increase in CSF lactate occurred in every single instance, when cerebral perfusion pressure was reduced within the auto- regulatory range from 142 to 50mm.Hg. Although lactate/pyruvate ratio (L/P ratio) was varied from 5.8 to 8.6 at the control state, it increased progressively in each animal except for 1, in which an initial slight decrease in L/P ratio was followed by a great increase at the severely lowered perfusion pressure. This indicates that increase in lactate was much greater than that in pyruvate, suggesting the accelerated anaerobic metabolism of glucose in the brain.
CSF pH was decreased with a minimal change in PCO2 as cerebral perfusion pressure was lowered within the autoregulatory range. CSF acidification in these animals appears to result from the increased concentration of lactic and pyruvic acids in CSF. However, PCO2 in CSF rose gradually at the severely low level of perfusion pressure resulting in CSF to be more acidified, although arterial PCO2 was controlled constant.
3) Relation of CSF lactate and arterial lactate levels is demonstrated in Fig. 3 . CSF lactate increased progressively relating to lowered cerebral perfusion pressure, whereas arterial lactate decreased slightly until perfusion pressure was reduced to 70mm.Hg, but below this point of level, it increased as great as CSF lactate increased, because a simultaneous fall in arterial pressure by bleeding animals might result in systemic lactic acidosis. 
DISCUSSI
The present study has demonstrated that a progressive increase in CSF lactate and L/P ratio with a simultaneous decrease in CSF pH occurred under controlled arterial PCO2 and lactate level in response to lowered cerebral perfusion pressure ranging from 142 to 50mm.Hg, although cerebral autoregulation was well preserved within this pressure range. These findings strongly Jap. Heart J. S eptember, 1971 suggest that increased CSF lactate might result from the hypoxic changes in the brain tissue as indicated with increased L/P ratio of CSF, signifying the anaerobic glycolytic metabolism to be facilitated in the brain. A resultant decrease in CSF pH may actively dilate the cerebral vessels to maintain a constant cerebral blood flow despite the lowering of cerebral perfusion pressure. It has been demonstrated by many investigators that CSF pH is an important factor of regulating cerebral blood flow.3)-5) Brain tissue hypoxia as mentioned above appears to be not due to hypoxemia because arterial PO2 remained unchanged in the range of 83 to 112 mm.Hg, but due to cerebral ischemia that was demonstrated in the parietal cortex, in which regional cortical blood flow was decreased in response to even small reduction of perfusion pressure, although total CBF remained constant. Similar observations of the variable reaction of cerebral vessels were reported by Baldy-Moulinier and Frerebeau6) who described that cortical blood flow decreased much earlier than grobal blood flow, when the intracranial pressure was raised artificially in animals. Because of the regional difference of the energy reserve,7) oxygen consumption of the brain,8),9) one could speculate such unusual phenomenon that cortical blood vessels in the different areas of the brain will react unequally to the various stimuli such as hypoxia,10) arterial hypotension,1) and vasoactive agent with metaraminol.10)
In the present results, arterial lactate concentration was unchanged when cerebral perfusion pressure was reduced. Conversely, arterial lactate was slightly decreased as lowering of perfusion pressure to 70mm.Hg, suggesting that secondary rise of systemic blood pressure to the neurogenic reflex mediated by the carotid sinus baroreceptor and by the sympathetic nervous system following the constriction of both carotid arteries may improve perfusion to the systemic organs and the muscles. When cerebral perfusion pressure was lowered to the severely low level by bleeding animals, arterial lactate could increase due to concomitant arterial hypotension resulting in perfusion to these organs to be impaired. Mean values for arterial lactate at the control state in this study were slightly higher than those in the previous one.1) It might be caused by much greater surgical damages and by much longer time taken for the procedure. However, CSF lactate at the control state did not increase in the present animals, indicating that the brain was intact despite complex surgical procedures, in other word it was not exposed to the anoxic conditions. Even though 4 major arteries to the brain were completely occluded in dogs, arterial pressure of common carotid downstream to clamping these arteries or backpressure of the vertebral artery was higher than 60mm.Hg and never below this level, suggesting that there are remarkable collateral anastomoses between the intra-and the extracranial circulations. This is similar findings of Whisnant et al., 12) who demonstrated that most dogs survive after all the major arteries to the brain are ligated in the neck. The main anastomotic channels are branches of the costocervical and omocervical arteries that join muscular branches of the vertebral arteries.
Shannon and his co-workers13) recently described that during reduced cerebral blood flow to 51% of its normal level, mild respiratory acidosis developed in cerebral venous blood and CSF, while both respiratory and metabolic acidosis as increased PCO2 and lactic acid occurred at 42% cerebral blood flow. Even though arterial PCO2 was controlled constant in the present animal, CSF PCO2 increased gradually as lowering of cerebral perfusion pressure to 50 to 60mm.Hg. This could be due to a decreased CO2 transport capacity of the blood, CO2 accumulation in the tissue of unknown mechanism, or due to small reduction of the regional blood flow in the brain.14)
